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(54) Vibration damper assembly. 



@ A damper assembly is disposed between a 
washing machine frame (3) and a washing con- 
tainer (2) suspended in the frame (3) and hous- 
ing a rotatable drum (9) as a source of vibration. 
The damper assembly includes a damper hav- 
ing a cylinder (11) filled with working oil, a 
piston (15) slidably disposed in the cylinder and 
having a damping force generating mechanism 
(16, 17), and a piston rod (14) having an end 
coupled to the piston (15) and an opposite end 
extending out of the cylinder (11), a vibration 
transmission cutoff mechanism (14a, 31) 
activatable for disabling the damping force 
generating mechanism (16, 17) to substantially 
cut off the transmission of vibration between 
the washing container (2) and the frame (3), and 
a selective actuator for selectively activating 
and inactivating the vibration transmission 
cutoff mechanism (14a, 31) depending on the 
magnitude of vibration of the washing container 
(2). 
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The present invention relates to a vibration dam- 
per assembly for a washing machine or the like, and 
more particularly to a vibration damper assembly for 
use between a frame of a washing machine and the 
washing drum thereof suspended from the frame, for 
damping the vibration of the washing machine during 
operation thereof. 

Some washing machines have a washing drum 
that can also be used as a spinning drum for removing 
water from the washed wet material under centrifugal 
forces. To remove water from wet clothes or the like, 
they should be placed evenly within the spinning 
drum. If the wet material is not evenly distributed in the 
spinning drum, i.e., if it is displaced off the center of 
rotation of the spinning drum, then the wet material is 
subjected to large centrifugal forces because it con- 
tains much water and is heavy, vibrating the spinning 
drum radially. 

The user of such a washing machine is therefore 
required to be careful enough to place the washed wet 
material evenly centrally in the spinning drum. 

There are known washing machines with washing 
drums that are rotatable about a horizontal axis. Wet 
clothes placed is such washing drums are necessarily 
displaced off the center of rotation of the washing 
drums U.S. patents Nos. 4,254,849 and 4,411,143, 
for example, disclose washing machines with hyd- 
raulic dampers for damping vibration of washing 
drums that are rotatable about the horizontal axis. 

However, when the washing drums rotate at a 
normal high speed, more vibration is transmitted to 
the washing machine frame through the hydraulic 
dampers, producing more noise because of vibratory 
movement with respect to the floor or other stationary 
base, than would be if no hydraulic dampers were 
employed. 

Viewed from one aspect, the present invention 
provides a damper assembly for use between a frame 
and a container suspended in the frame and housing 
a rotatable drum as a source of vibration, said damper 
assembly comprising a cylinder adapted to be suppor- 
ted by either one of the frame and the container, said 
cylinder being filled with working oil, a piston slidably 
disposed in said cylinder, damping force generating 
means on said piston, for generating damping forces 
against vibration transmitted from the container, a pis- 
ton rod having an end coupled to said piston and an 
opposite end extending out of said cylinder and sup- 
ported by the other of the frame and the container, vib- 
ration transmission cutoff means activatable for 
disabling said damping force generating means to 
substantially cut off the transmission of vibration be- 
tween the container and the frame, detecting means 
for detecting the magnitude of the vibration of the con- 
tainer, and selective actuator means connected to 
said detecting means, for selectively activating and 
inactivating said vibration transmission cutoff means 
depending on the detected magnitude of the vibration 



of the container. 

Until the rotatable drum rotates at a normal high 
speed, the frame and the container are connected to 
each other by a damper composed of the cylinder, the 
5 piston, and the piston rod. Therefore, the damping 
force generating means is activated to produce damp- 
ing forces to absorb the vibration from the container. 
When and after the rotational speed of the drum 
reaches the normal high speed, the frame and the 
10 container are disconnected from each other thus cut- 
ting off the transmission of the vibration between the 
frame and the container. 

An embodiment of the invention will now be des- 
cribed, by way of example only, with reference to the 
15 accompanying drawings, wherein: 

FIG. 1 is a schematic perspective view of a wash- 
ing machine incorporating vibration damper 
assemblies according to one embodiment of the 
present invention; 
20 FIG. 2 is an enlarged longitudinal cross-sectional 

view of each of the vibration damper assemblies 
shown in FIG. 1; 

FIG. 3 is a diagram showing the relationship be- 
tween the rotational speed of the washing drum 
25 of the washing machine and the load on the legs 

of the washing machine; 
FIG. 4 is an enlarged fragmentary cross-sectional 
view of a damping force generating device in the 
piston and cylinder assembly of the vibration 
30 damper assembly shown in FIG. 2; and 

FIG. 5 is a block diagram of a control unit for con- 
trolling a solenoid for locking and unlocking the 
piston rod of the piston and cylinder assembly. 
As shown in FIG. 1, a washing machine 1 has a 
35 cylindrical washing container 2 that is suspended by 
four upper coil springs 4 coupled between the wash- 
ing container 2 and an upper panel of a box-shaped 
frame 3. The washing container 2 is connected to a 
lower panel of the frame 3 by a plurality of (two in the 
40 illustrated embodiment) vibration damper assemblies 
5. The washing container 2 houses therein a cylindri- 
cal rotatable drum 9 that is rotatable about its horizon- 
tal axis at a lower speed by a motor (not shown) for 
washing clothes or the like in the drum 9 and also at 
45 a higher speed by a motor 6 for removing water from 
the washed clothes. 

As shown in FIG. 2, each of the vibration damper 
assemblies 5 comprises a cylinder 1 1 and a piston rod 
14 inserted in the cylinder 11 through an oil seal 12 
so and a rod guide 13 that are disposed on one end of 
the cylinder 1 1 . The piston rod 14 supports on its end 
inside the cylinder 11a piston 15 fixed to the piston 
rod 14 and slidably held against the inner peripheral 
surface of the cylinder 11. the piston 15 divides the 
55 interior spaces of the cylinder 11 into oil chambers S1, 
S2. 

As shown in FIG. 4, the piston 15 has an oil pas- 
sage 16 defined therein for generating damping for- 
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ces when the vibration damper assembly 5 is exten- 
ded. A flow control valve 1 7 is disposed on the piston 
rod 14 on one side of the oil passage 16, the flow con- 
trol valve 17 having an oil passage 17a for communi- 
cation with the oil passage 16. The flow control valve 
17 is normally urged toward the piston 1 5 by a spring 
20 held in a spring holder 19 that is positioned by a 
retainer 18 fixed to the piston rod 14. A disc check 
valve 17b is disposed on the piston side of the flow 
control valve 17, the disc check valve 17b being open- 
able to provide communication between the oil pas- 
sages 16a, 17a when the vibration damper assembly 
is extended. 

A partition member 21 is fixedly disposed in the 
cylinder 1 1 between the other end thereof and the pis- 
ton 15. The partition member 21 defines an oil cham- 
ber S3 separated from the oil chamber S2. A central 
stop plug 22 is fitted in the partition member 21 and 
is generally positioned on the piston side of the parti- 
tion member 21. The partition member 21 has an oil 
passage 23 defined therein for generating damping 
forces when the vibration damper assembly 5 is com- 
pressed. A flow control valve 24 is disposed on the 
stop plug 22 on one side of the partition member 21 
and has an oil passage 24a for communication with 
the oil passage 23. The flow control valve 24 is nor- 
mally urged toward the partition member 21 by a 
spring 26 held in a spring holder 25. A disc check 
valve 24b is disposed on the partition member side of 
the flow control valve 24, the disc check valve 24b 
being openable to provide communication between 
the oil passages 23, 24a when the vibration damper 
assembly 5 is compressed. 

The piston 15 and the partition member 21 oper- 
ate in the cylinder 1 1 as follows : 

FIG. 4 shows the position of the piston 1 5 and the 
partition member 21 when the vibration damper 
assembly 5 is extended. When the piston rod 14 
moves in a direction out of the cylinder 11, the flow 
control valve 17 is forced toward the piston 15 by the 
oil, and the disc check valve 17b is opened, allowing 
communication between the oil passages 16, 17a. 
The oil now flows from the oil chamber S1 through the 
oil passages 17a, 16 into the oil chamber S2, produc- 
ing damping forces as it flows through the oil passage 
1 7a. Since the oil passage 1 7a has a small cross-sec- 
tional area, the oil flow through the oil passage 1 7a is 
not large enough to compensate for an increase in the 
volume of the oil chamber S2 that is caused by the 
movement of the piston rod 14, thereby developing a 
negative pressure in the chamber S2. Therefore, the 
flow control valve 24 on the stop plug 22 is moved 
toward the oil chamber S2, allowing the oil to flow from 
the oil chamber S3 through the oil passage 23 and be- 
tween the flow control valve 24 and the cylinder 11 
into the oil chamber S2. 

When the vibration damper assembly 5 is com- 
pressed , the flow control valve 1 7 is moved away from 



the piston 15 against the bias of the spring 20, allow- 
ing the oil to flow from the oil chamber S2 through the 
oil passage 16 and between the flow control valve 17 
and the cylinder 11 into the oil chamber S1. As the 

5 volume of the piston rod 14 that enters the cylinder 1 1 
is large, the oil pressure in the oil chamber S2 is 
greatly increased. The pressure buildup in the oil 
chamber S2 forces the disc check valve 24b to open, 
allowing the oil to flow from the oil chamber S2 

10 through the oil passage 24a, 23 into the oil chamber 
S3. At this time, the oil passage 24a generates damp- 
ing forces as the oil flows therethrough. 

An attachment 30 is mounted on the other end of 
the cylinder 11 for attaching the vibration damper 

15 assembly 5 to the washing container 2. The piston rod 
14 has an outer end portion 14a inserted in a bore 29 
defined in an attachement 31 for attaching the vib- 
ration damper assembly 5 to the washing machine 
frame 3. The attachment 31 is slidably mounted on the 

20 piston rod 14 through bushings 27, 28, but can be 
locked to the piston rod 14. The piston rod end portion 
14a has a distal end within the attachment 31, with a 
stopper ring 32 fixed to the distal end. The piston rod 
end portion 14a has an annular groove 33 defined in 

25 its outer circumferential surface at a distance spaced 
from the stopper ring 32. The attachment 31 has a sol- 
enoid support base 34 on one side thereof which sup- 
ports a solenoid 35 that is controlled by a control unit 
50. A plunger 36 extends from the solenoid 35 toward 

30 the piston rod end portion 14a, and a stoppper shaft 
37 for engaging in the groove 33 of the piston rod end 
portion 14a is secured to the distal end of the plunger 
36 by a set screw 40. When the solenoid 35 is de- 
energized of energized, the plunger 36 is axially 

35 moved to project or retract the stopper shaft 37 into or 
out of engagement in the annular groove 33, thereby 
locking the piston rod 14 to or unlocking the piston rod 
14 from the attachment 31 . 

The control unit 50 detects the rotational speed of 

40 the rotatable drum 9 or the motor 6 to detect the mag- 
nitude of vibration of the drum 9. Until the detected 
rotational speed reaches a predetermined normal 
high speed N, the control unit 50 keeps the solenoid 
35 de-energized, permitting a spring 38 to move the 

45 plunger 36 in a direction to project the stopper shaft 
37. Therefore while the detected rotational speed is 
lower than the predetermined normal high speed N, 
the piston rod 14 is locked with respect to the attach- 
ment 31 . When the detected rotational speed reaches 

so the predetermined normal high speed N, control unit 
50 energizes the solenoid 35 to move the plunger 36 
to retract the stopper shaft 37. Therefore, insofar as 
the detected rotational speed is higher than the pre- 
determined normal high speed N, the piston rod 14 is 

55 unlocked from the attachment 31 . 

As shown in FIG. 5, the control unit 50 comprises 
a rotary encoder 43 mounted on the rotatable shaft of 
the motor 6 for detecting the rotational speed of the 
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motor 6, a vibration determining circuit 44 for compar- 
ing a signal indicating the detected rotational speed 
from the rotary encoder 43 with a reference signal and 
issuing a vibration damping signal when the rotational 
speed of the motor 6 is higher than a predetermined 
speed N, and a solenoid driver 45 for energizing the 
solenoid 35 to retract the stopper shaft 37 in response 
to the vibration damping signal from the vibration 
determining circuit 44. 

Instead of detecting the rotational speed of the 
drum 9, centrifugal forces applied to the drum 9 may 
be detected by a load sensor (or a 6 sensor) to deter- 
mine the magnitude of vibration of the drum 9, or the 
magnitude or number of strokes of the vibration dam- 
per assembly 5 may be detected to determine the 
magnitude of vibration of the drum 9. 

Operation of the vibration damper assembly 5 will 
now be described below. 

The motor 6 is energized to start rotating the drum 
9 in the washing container 2 for removing water from 
the washed clothes therein. Initially, the washed 
clothes stay localized in the lower portion of the hori- 
zontal cylindrical washing container 2, causing the 
drum 9 to vibrate under large centrifugal forces. 

Since the rotational speed of the motor 6 is rela- 
tively low during this initial stage, the plunger 36 is 
urged by the spring 38 to project the stopper shaft 37 
into engagement in the annular groove 33 of the pis- 
ton rod end portion 14a, keeping the piston rod 14 
locked with respect to the attachment 31 . Therefore, 
the vibration damper assembly 5 is connected be- 
tween the washing container 2 and the frame 3, and 
damping forces are generated by the flow control val- 
ves 17, 24 as described above. As the rotational 
speed of the drum 9 increases, the rotation thereof is 
stabilized, and the clothes start being distributed 
evenly in the drum 9, so that the vibration of the wash- 
ing container 2 is gradually reduced. 

When the rotational speed of the motor 6 reaches 
the predetermined speed N, the control unit 50 ener- 
gizes the solenoid 35 to retract the plunger 36 against 
the bias of the spring 38. The stopper shaft 37 is also 
retracted out of engagement in the annular groove 33, 
unlocking the piston rod 14 from the attachment 31. 
The piston rod 14 is now freely slidable in the attach- 
ment 31 through the bushings 27, 28. Therefore, the 
vibration damper assembly 5 is disconnected from the 
frame 3. The piston rod 14 is subjected to only the 
small frictional resistance from the bushings 27, 28. 
As no damping forces are generated by the vibration 
damper assembly 5, the vibration of the washing con- 
tainer 2 is no longer transmitted to the frame 3. 

As can be seen from the solid-line curve shown 
in FIG. 3, before the rotational speed of the motor 9 
reaches the predetermined speed N, the vertical vib- 
ratory load applied from the washing container 2 to the 
frame 3 progressively increases from a low level. 
When the rotational speed of the motor 9 reaches and 
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increases above the predetermined speed N, since 
the vibration damper assembly 5 is d isconnected from 
the frame 3, the vertical vibratory load applied from 
the washing container 2 to the frame 3 drops to and 

5 is maintained at a much lower level than would be if 
the vibration damper assembly remained connected 
to the frame 3 as indicated by the broken-line curve 
shown in FIG. 3. It can be understood from FIG. 3 that 
substantially no vibration is transmitted from the 

10 washing container 2 to the frame 3 when the rotational 
speed of the motor 9 reaches and become higher than 
the predetermined speed N. 

When the rotation of the drum 9 is stopped, the 
control unit 50 detects the stopped condition, and de- 

15 energizes solenoid 35. The plunger 36 is urged by the 
spring 38 to project the stopper shaft 37 into engage- 
ment with the outer circumferential surface of the pis- 
ton rod end portion 14a or in the annular groove 33 
thereof, depending on the axial position in which the 

20 piston rod 14 is stopped. If the stopper shaft 37 is held 
against the outer circumferential surface of the piston 
rod end portion 14a, then when the drum 9 starts rotat- 
ing again, the piston rod end portion 14a is displaced 
with respect to the attachment 31, allowing the stop- 

25 per shaft 37 to slide off the outer circumferential sur- 
face of the piston rod end portion 14a into the annular 
groove 33. The piston rod 14 and the attachment 31 
are thus locked again with respect to each other. 
In the illustrated embodiment, the piston rod 14 is 

30 selectively locked with respect to the frame 3 by a 
locking mechanism on the piston rod 14. However, 
the cylinder 1 1 may be selectively locked with respect 
to the washing container 2 by a similar locking 
mechanism mounted on the cylinder 1 1 . 

35 The vibration damper assembly 5 may be incor- 

porated in not only washing machines, but also spin- 
ning de watering machines, spinning driers, or the like. 

The vibration damper assembly 5 may be of the 
friction type rather than of the hydraulic type. 

40 In the illustrated embodiment, the frame 3 of the 

washing machine 1 and the piston rod 14 are discon- 
nectably connected to each other by the attachment 
31. However, the piston rod 14 may be directly con- 
nected to the frame 3 with a locking mechanism dis- 

45* posed therebetween for selectively locking and 
unlocking the piston rod 14 and the frame 3. 

Although there has been described what is at pre- 
sent considered to be the preferred embodiment of 
the invention, it will be understood that the invention 

50 may be embodied in other specific forms without 
departing from the essential characteristics thereof. 
The present embodiment is therefore to be con- 
sidered in all respects as illustrative, and not restric- 
tive. 

55 
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Claims 

1 . A damper assembly for use between a frame and 
a container suspended in the frame and housing 

a rotatable drum as a source of vibration, said 5 
damper assembly comprising: 

a cylinder adapted to be supported by 
either one of the frame and the container, said 
cylinder being filled with working oil; 

a piston slidably disposed in said cylinder; 10 

damping force generating means on said 
piston, for generating damping forces against vib- 
ration transmitted from the container; 

a piston rod having an end coupled to said 
piston and an opposite end extending out of said 15 
cylinder and supported by the other of the frame 
and the container; 

vibration transmission cutoff means 
activatable for disabling said damping force 
generating means to substantially cut off the 20 
transmission of vibration between the container 
and the frame; 

detecting means for detecting the mag- 
nitude of the vibration of the container; and 

selective actuator means connected to 25 
said detecting means, for selectively activating 
and inactivating said vibration transmission cutoff 
means depending on the detected magnitude of 
the vibration of the container. 

30 

2. A damper assembly according to claim 1 , wherein 
said selective actuator means comprises means 
for activating said vibration transmission cutoff 
means when the magnitude of the vibration of the 
container is smaller than a predetermined value. 35 

3. A damper assembly according to claim 1 or 2, 
wherein said detecting means comprises means 
for detecting the rotational speed of the rotatable 
drum. 40 

4. A damper assembly according to claim 3, wherein 
said selective actuator means comprises means 
for activating said vibration transmission cutoff 
means when the detected rotational speed of the 45 
rotatable drum is equal to or higher than a pre- 
determined value. 

5. A damper assembly according to any preceding 
claim, wherein said vibration transmission cutoff so 
means comprises support means adapted to be 
coupled between a first member, which is either 

one of the container and the frame, and a second 
member, which is either one of one end of said 
cylinder and said opposite end of said piston rod, 55 
for supporting said first and second members for 
relative movement with respect to each other, and 
locking means for unlockably locking the first and 



second members with respect to each other. 

6. A damper assembly according to claim 5, wherein 
said selective actuator means comprises means 
for actuating said locking means to unlock the first 
and second members from each other thereby 
activating said vibration transmission cutoff 
means. 

7. A damper assembly according to claim 5 or 6, 
wherein said support means comprises a bore 
defined in one of the first and second members, 
and a rod member mounted on the other of the 
first and second members and slidably inserted in 
said bore. 

8. A damper assembly accord ing to claim 7, wherein 
said locking means comprises a groove defined 
in an outer circumferential surface of said rod 
member, and a stopper supported on one of the 
first and second members and movable into said 
bore for engagement in said groove. 

9. A damper assembly according to claim 8, wherein 
said selective actuator means comprises a sol- 
enoid having a plunger coupled to said stopper. 

1 0. A damper assembly for use between a frame and 
a container suspended in the frame and housing 
a rotatable drum as a source of vibration, said 
damper assembly comprising: 

a damper having a cylinder filled with work- 
ing oil, a piston slidably disposed in said cylinder, 
and a piston rod having an end coupled to said 
piston and an opposite end extending out of said 
cylinder; 

support means for supporting either one of 
said cylinder and said piston rod and either one 
of the frame and the container such that they are 
normally locked but slidable with respect to each 
other; 

detecting means for detecting the mag- 
nitude of vibration of the container; and 

unlocking means connected to said 
detecting means for unlocking said either one of 
the cylinder and the piston rod and said either one 
of the frame and the container from each other 
when the detected magnitude of the vibration of 
the container is smaller that a predetermined 
value. 

11. A damper assembly according to claim 10, whe- 
rein said detecting means comprises means for 
detecting the rotational speed of the rotatable 
drum. 

12. A damper assembly according to claim 11, whe- 
rein said unlocking means comprises means for 
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unlocking said either one of the cylinder and the 
piston rod and said either one of the frame and the 
container from each other when the detected 
rotational speed of the rotatable drum is equal to 
or higher than a predetermined value. 5 

13. An electrical appliance such as a washing 
machine, spin dryer or the like, comprising a rot- 
able drum suspended within a housing and damp- 
ing means connected between the drum and the 10 
housing so as to generate damping forces 
against vibration transmitted from said drum at 

low speeds of operation, and means for disabling 
the damping means at high speeds of operation. 

15 

14. An electrical appliance as claimed in claim 13, 
wherein there is additionally provided spring 
means which connect the rotable drum to the 
housing. 

20 
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